Phytate induced excessive mineral excretion through poultry litter leads to poor performance and environmental pollution. Exogenous microbial phytase supplementation to poultry diets reduce the environmental excretion of nutrient and improve bird's performance. However, excessive dietary sodium (Na) level may hinder the phytase-mediated phytate hydrolysis and negate the beneficial effects of phytase. Therefore, this experiment was conducted to investigate the effects of different concentration dietary Na on phytase activity and subsequent impact on broiler performance, bone mineralisation and nutrient utilisation. In this study, six experimental diets, consisting of three different levels of Na (1.5, 2.5, or 3.5 g/kg) and two levels of microbial phytase (0 or 500 U/kg) were formulated by using 3 × 2 factorial design. The six experimental diets were offered to 360 day-old Ross 306 male chicks for 35 days, where, each experimental diet consisted of 6 replicates groups with 10 birds. Along with growth performance, nutrient utilization, intestinal enzyme activity, dry matter (DM) content of litter and mineral status in bone were analysed. Dietary Na and phytase had no effect on bode weight gain and feed intake. Birds on the low Na diet showed higher (p < 0.05) feed conversion ratio (FCR) than the mid-Na diets. High dietary Na adversely affected (p < 0.001) excreta DM content. Phytase supplementation to the high-Na diet increased (p < 0.01) the litter ammonia content. High dietary Na with phytase supplementation improved (Na × phytase, p < 0.05) the AME value and ileal digestibility of Ca and Mg. The total tract retention of Ca, P, and Mg was reduced with high Na diet, which was counteracted by phytase supplementation (Na × phytase, p < 0.001). The diets containing mid-level of Na improved (p < 0.001) the function of Na-KATPase and Mg-ATPase in the jejunum. The overall results indicate that high dietary Na did not affect phytase activity but influenced the nutrient utilization of birds, which was not reflected in bird overall performance.
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Low Na with phytase, MSP -Medium Na with phytase and HSP -High Na with phytase. The mineral matrix (1.5 g/kg AvP, 1.65 g/ kg Ca & 0.35 g/kg Na) of the commercial microbial phytase product, derived from modified Escherichia coli 6-phytase expressed in Trichoderma reesei (Quantum Blue, AB Vista, Marlborough, UK) were applied in phytase-supplemented diets to achieve the Ca, AvP, and Na levels. The activity of the phytase was 5,000 U/g where a unit (U) is defined as the quantity of enzyme that liberates one µmol of inorganic P per minute from sodium phytate at pH 5.5 and 37℃. In all grower diets, titanium oxide (5 g/kg diet) was added as an indigestible marker, to enable assessment of nutrient digestibility. Diets were formulated to be iso-energetic and iso-nitrogenous and were pelleted at 65℃. Diets were pelleted between 3 and 4 mm diameter and used as such in the grower (11-24 d) and finisher (25-35 d) phases respectively. Diets were crumbled in the starter (0-10 d) phase. All diets were formulated to either meet or exceed the Aviagen, 2014 [15] nutrient recommendation and breed standards, except for Na. 
All diets were formulated to contain 13.2 MJ/kg metabolisable energy; 215 g/kg crude protein; 4.7 g/kg digestible methionine; 11.5 g/kg digestible lysine; 8.7 g/kg digestible methionine + cysteine; 7.7 g/kg digestible threonine, 12.3 g/kg digestible arginine.
LS, low Na; MS, mid Na; HS, high Na; LSP, low Na with phytase; MSP, mid Na with phytase; HSP, high Na with phytase. [14, 16] .
Excreta ammonia and urea analysis
The excreta samples collected on d 24 were analyzed to simulate the effect of the treatments on litter dry matter (DM), uric acid and ammonia concentration. In 50 mL plastic tubes, 5 g of excreta from each sample were taken and then 40 mL of Milli-Q water were added to each tube. After homogenizing for 2 mins (1084 × g), the samples were filtered through Whatman No. 1 filter paper and diluted 10 times. The filtrate was used for ammonia and uric acid measurements.
Measurement of excreta uric acid and ammonia
Uric acid content of the excreta was measured using colorimetric method as indicated [17] . Excreta ammonia was measured by following the procedure described in the ammonia assay kit (Catalogue Number AA0100, Sigma-Aldrich, and 3050 Spruce Street, Saint Louis, Missouri 63103, USA). Briefly, around 0.1 to 0.2 mL diluted excreta sample was placed into a cuvette and mixed thoroughly with 1-2 mL ammonia assay reagent, and then incubated for 5 min at 18℃-35℃. After that, absorbance was read at 340 nm against blank samples (prepared with 0.1 mL water mixed with 1.0 mL ammonia assay reagent). After this reading, 0.01 mL of L-glutamate dehydrogenase solution (Catalogue Number-G2294) was added to each cuvette and incubated at 18℃-35℃ for 5 min. The absorbance of each solution was measured again at 340 nm. The concentration of ammonia (mg/mL) was calculated from the following equations:
The ΔA340 for the reagent blank, test and standard were determined. 
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Statistical analysis
The data were analysed as a 3 × 2 factorial ANOVA using the GLM procedure of Minitab software (Minitabe 16.0, Minitab Inc., State College, Pennsylvania, USA, 2010) for the main effects of Na and phytase, along with their interactions. Separation of means within a significant effect was conducted using Tukey's HSD test. The significance of difference between means was determined by Fisher's least significant difference at p ≤ 0.05.
Results

Growth performance
The analysed levels of total P, Ca, Na and phytase level in the feed were in close agreement with calculated values (Tables 1, 2, and 3) . Dietary Na, phytase and their interaction had no effect (p > 0.05) on FI and body weight gain (BWG) at any phase of rearing (Table  4) . Phytase supplementation tended (p = 0.076) to improve BWG during 1-24 d. The FCR of birds was not affected by Na and phytase over the experimental period except from d 0 to 10. During this stage, mid-Na diets improved (p < 0.05) the FCR compared to low-Na diets. At all stages of rearing, the interaction between Na and phytase had no significant effect on FCR.
Ileal pH, excreta DM, ammonia and uric acid concentration
Results shown in Table 5 indicate that there was no significant effect of Na and phytase supplementation on ileal pH. None of the interaction effects was significant, except for excreta ammonia. Phytase supplementation to low and high Na diets increased (Na × phytase, p < 0.007) the ammonia excretion compared to phytase free diets. The ammonia excretion was not differed in phytase supplemented diets irrespective of Na levels. The high Na (3.5 g/kg) diets lowered (p < 0.001) the excreta DM, whereas the reverse (p < 0.001) was the case for uric acid concentration. 
Apparent metabolizable energy and ileal digestibility
The interaction between Na and phytase influenced the apparent metabolizable energy (AME and ileal digestibility of Ca and Mg (Table 6 ). High Na diets with phytase supplementation showed improved (Na × phytase, p < 0.001) AME value compared to high-Na diet without phytase. The high-Na diet reduced the digestibility of Ca (Na × phytase, p < 0.02) which was countered by phytase supplementation. Similarly, the negative effect of low and high Na diets on Mg digestibility was alleviated (Na × phytase, p < 0.05) by phytase supplementation. The interaction between Na and phytase also tended (p = 0.075) to decrease the P digestibility, where the negative effect of high Na was compensated by phytase supplementation. The digestibility of Na was highest (p < 0.001) in high-Na diets and was negative in low and mid-Na diets. Dietary Na, phytase or their interaction had no effect on K digestibility.
Total tract retention of minerals
Diets containing mid and high Na reduced (Na × phytase, p < 0.001) the retention of N and Ca which was counterbalanced be phytase supplementation (Table 7) . Phytase supplemented to low and high Na diets improved (Na × phytase, p < 0.001) the P retention compared to the mid-Na diets with phytase. Low Na diets with phytase supplementation showed the highest (Na × phytase, p < 0.001) retention of Na, K and Mg compared to mid and high Na diets with phytase.
Bone development and mineral contents
Dietary Na, phytase and their interaction had no effect (p > 0.05) on length, width, breaking strength, ash and mineral content of tibia bone (data not shown).
Protein content and enzyme activities in jejunum
Phytase supplementation to high-Na diets improved (Na × phytase, p < 0.001) the activities of AP, Ca-ATPase and Mg-ATPase compared to low or mid-Na diets with phytase ( Table 8 ). Birds that received phytase-supplemented mid-Na diet showed the Means within a column without common superscript are statistically different (p < 0.05).
1)
Low, 1.5 g Na/kg; Mid, 2.5 Na/kg; High, 3.5 g Na/kg.
2)
None, without phytase; plus, with (500 U/kg) phytase. ns p > 0.05; * p < 0.05.
FI, feed intake; BWG, body weight gain; FCR, feed conversion ratio. highest (Na × phytase, p < 0.001) protein content in jejunal mucosa than those fed phytase-free mid-Na diet. Low-Na diets reduced (p < 0.01) the activity of Na-K-ATPase compared to mid-Na diets. The Ca-Mg-ATPase activity was decreased (p < 0.05) in birds fed the mid-Na diet than high-Na diets. Supplementation of phytase improved the activities of Ca-Mg-ATPase (p < 0.05) and Na-KATPase (p < 0.001). The interaction between Na and phytase was not significant for Ca-Mg-ATPase and Na-K-ATPase.
Discussion
In the current study, different levels of dietary Na had no effect on BWG and FI, which is in agreement with previous studies [18, 19] . Similarly, Goodgame et al. [20] reported no significant effect on the productive performance of birds by increasing Na concentration from 1.6 to 2.8 g/kg in diets. On the other hand, Na level below 1.6 g/kg [20] and above 3.5 g/kg could be detrimental to broiler performance [12] . Although, with the current experimental diets, Na (1.5 to 3.5 g/kg) concentration exceeded the recommended level of NRC [6] and Aviagen [15] (1.5-2.0 g/kg and 1.6-2.0/2.3 g/kg, respectively), the lack of any significant variation in BWG and FI due to different dietary Na levels could be an indication of the bird's capacity to tolerate a wide range of Na. There were no significant differences in BWG, FI and FCR of broilers fed diet supplemented with phytase at any stage of rearing compared to those fed non-supplemented diets. The lack of any phytase effect on performance of broilers indicates that the dietary adjustments for AvP, Ca, and Na from phytase inclusion currently used in practical diet formulation are justified. Enzyme supplementation had no effect because the mineral matrix was considered. This is a cost saving on diet formulation and is widely practiced under practical conditions [21] . Excreta DM content decreased in chickens fed high Na diets, irrespective of phytase supplementation, and this result is consistent with the previous findings [12] . Feeding diets containing Na level more than 3.0 g/kg increased the water consumption of birds, with the consequence that the excreta had higher moisture content. It has been reported that supplementation of diets with phytase increased litter moisture content [13] , no such effect was observed in the present study. Assigning Na matrix value of phytase in the present study diets may be a possible reason for not observing a phytase-induced wet litter problem. High dietary Na increased the uric acid concentration of excreta, while phytase supplementation and their interaction had no effect. As most excreta N is converted into uric acid before passing out through droppings, an increased excretion of uric acid in birds on high Na diets might be an indication of excess N loss. This result is also consistent with low retention of N observed with high Na diets.
Phytase supplementation to high Na diets increased the ammonia concentration in litter but the reason for this trend is not very clear. High moisture content in the litter partly explains the increased concentration of ammonia in the aforementioned diet. Although, it has been reported that high protein diets enhanced the excretion of N and ammonia [22] , which is not the case in the present study as all experimental diets contained an equal amount of crude protein. However, there could be a general increase in protein loss due to the increase in protein digestibility, in the presence of phytase. There is a need for further investigation into this area.
Phytase supplementation improved AME, especially in diets with a high level of Na (3.5 g/kg) in the diet. This result is in agreement with Ravindran et al. [12] , who reported better AME in birds that received diets containing 2.0-3.5 g/kg Na (equivalent to 225 to 300 mEq/kg) supplemented with phytase. These researchers also suggested that phytase supplementation had no effect on AME when dietary Na exceeded the above-mentioned Means within a column without common superscript are statistically different (p < 0.05).
1)
2)
None, without phytase; plus, with (500 U/kg) phytase. ns p > 0.05; ** p < 0.01; *** p < 0.001.
range. Although not significant, high-Na diet reduced the digestibility of N, similar to previous results [12, 23] . This result suggests that N utilization is less likely to improve in high Na diets, which is consistent with excess urinary loss of uric acid. It has been speculated that supplementation of phytase in diet substantially reduces the phytate/phytate-protein induced hypersecretion of gastric acid, digestive enzymes (pepsin and mucin) and NaHCO 3 [12, 24] . Recent studies [10, 12, [25] [26] [27] reported that phytase inclusion in diet significantly improved the ileal Na digestibility and suggested possible reduction of Na inclusion level in phytase supplemented diet. This is in contrast with present study where phytase had no effect on ileal Na digestibility at different dietary Na levels. The reason of this discrepancy is not clear. The use of Na matrix value of phytase in the diet formulation of the present study may partly justify the lack of response of ileal Na digestibility to phytase. However, almost all of the aforementioned studies, including the present one; obtained negative digestibility coefficients for Na, which may be due to excessive secretion of endogenous Na, a process that would vary with the feeding status of birds. Due to complex Na and Cl flux in the intestine, it is sometimes unrealistic to make inferences on the trend of their digestibility in the small intestine [10] . However, increasing Na (3.5 g/kg) concentrations in diets resulted in significant improvements in ileal digestibility of Na but reduced total tract Na retention. This is partly consistent with the findings of Ravindran et al. [12] , who suggested a possible influence of dietary Na on intestinal secretion and absorption of Na in poultry.
Phytase-mediated retention of Na was mostly observed with the diet containing 1.5 g Na/kg and there was significant interaction between Na and phytase, which indicates possibility of reduction of dietary Na need in poultry diets when supplemented with phytase. However, this may not be correct as the interaction between phytase and Na for overall performance and nutrient utilization of broilers was not consistent with total Na retention data. Besides, previous study [28] reported that that the chloride ion of salt (NaCl) electrostatically competes with phytate and reduces the phytateprotein complex formation (including digestive enzyme, trypsin, and substrate protein) and consequently attenuates the negative effect of protein-phytate complex in diets supplemented with phytase. Therefore, the association between Na and phytase in light of Table 6 . AME and ileal digestibility coefficient of minerals of 24- Means within a column without common superscript are statistically different (p < 0.05).
1)
2)
None, without phytase; plus, with (500 U/kg) phytase. ns p > 0.05; * p < 0.05; ** p < 0.01; *** p < 0.001. AME, apparent metabolizable energy.
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Cl effect is worthy of consideration. Phytase supplementation improved the activity of Na-KATPase, which is in agreement with previous report [29] . These researchers established that phytase dephosphorylation ameliorates the negative effect of phytate on Na-K-ATPase activity in the intestine of chickens. As Na-K-ATPase maintains electrochemical gradients across the gut mucosa, it is possible that phytase also improved the absorption and intestinal uptakes of Na and other co-transported nutrients [30] . This is consistent with the phytase-related improvement of digestibility and retention of minerals in the present study. The reduction of Na-K-ATPase activity of the jejunum in birds offered low-Na diets is paltry in agreement with previous study [31] . This finding suggests that as the Na-dependent transport system and Na-K-ATPase activity in the intestine are responsible for absorption of most of the nutrients, thus, provision of sufficient Na to diets is essential to ensure the efficient activity of these enzymes and subsequent nutrient absorption as well [32] .
The digestibility of Ca and Mg was reduced in birds that consumed the high-Na (3.5 g/kg) diets, which was compensated by phytase supplementation. This partly agrees with the previous findings where increasing Na level in phytase-supplemented diets from 1.7 to 2.4 g/kg (equivalent to 234 and 266 mEq/kg of DEB, respectively) reduced the digestibility of the aforementioned minerals. In contrast, similar study [10] observed no such effect of different levels of DEB on Ca and P digestibility. Moreover, phytase improved the digestibility of P irrespective of Na levels which indicates that phytase was effective in releasing this mineral. Birds offered high Na diets showed poor retention of Ca and P, but this effect was counteracted by phytase supplementation indicating a significant Na and phytase interaction. This finding is in agreement with previous study [12] where similar effect of DEB, phytase and DEB × phytase interactions on total tract retention of Ca and P was observed.
Conclusion
The results of the present study showed that Na concentration in diets ranging from 1.5 to 3.5 g/kg had no significant effects on bird performances with or without phytase supplementation. The improved AME value in phytase-supplemented diets further confirms the extra phosphoric effect of phytase, even with a wide range of Na. Inclusion of Na at 3.5 g/kg to diets negatively affected the utilization of minerals except for Na, which implies that maintaining Na level at around 2.5 g/kg is optimal for performance and mineral utilization. A higher Na level can sometimes compromise the retention and digestibility of Ca, P, and Na, not by affecting phytate hydrolysis but by altering the absorption and reabsorption pattern of nutrients in the intestine. Despite data showing some interaction effect between Na and phytase for mineral utilization and enzyme activities, it is unclear, due to the inconsistent pattern of the data, whether Na level had any effect on phytase activity. Therefore, further investigation is warranted to explore the Na effect on phytase-induced nutrient digestibility and intestinal enzyme activities, especially when the Na content of the phytase matrix is considered.
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